Clinical data on 3,911 patients were collected from 64 individual investigators to evaluate the safety of intravenous dipyridamole-thallium imaging as an alternative to exercise thallium imaging for the evaluation of coronary artery disease. 
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Clinical data on 3,911 patients were collected from 64 individual investigators to evaluate the safety of intravenous dipyridamole-thallium imaging as an alternative to exercise thallium imaging for the evaluation of coronary artery disease. There were two deaths because of myocardial infarctions, two nonfatal myocardial infarctions, and six cases of acute bronchospasm. Chest pain occurred in 770 patients (19.7%). Headache and dizziness were reported by 476 patients (12.2%) and 460 patients (11.8%), respectively. ST-T changes on the electrocardiogram were seen in 292 patients (7.5%) . Use of parenteral aminophylline to treat adverse events associated with intravenous dipyridamole brought complete relief of symptoms in 439 of 454 patients (96.7%). There is a potential for increased risk for serious ischemic events in patients with a history of unstable angina who are administered intravenous dipyridamole. In patients with acutely unstable angina (i.e., continuing chest pain) or in the acute phase of myocardial infarction, use of intravenous dipyridamole in thallium scintigraphy should be avoided. There is also an increased risk for bronchospasm in patients with a history of asthma; acute bronchospasm can be relieved immediately by administration of aminophylline. These results demonstrate that intravenous dipyridamolethallium scintigraphy is a relatively safe, noninvasive technique for the evaluation of coronary artery disease. (Circulation 1990; 81:1205 -1209 In 1978, several studies reported the clinical usefulness of performing thallium myocardial perfusion imaging in conjunction with pharmacological vasodilation, using an infusion of intravenous dipyridamole to increase coronary blood flow.'-3 In the early 1980s, additional studies reported the usefulness of intravenous dipyridamole as an adjunct to thallium scintigraphy.45 With the publication of further studies6,7 and the recognition of the clinical See p 1425 usefulness of intravenous dipyridamole as an alternative to exercise in evaluating coronary artery disease (CAD) with thallium myocardial perfusion imaging, it was decided to seek regulatory approval to market intravenous dipyridamole for use as an adjunct to thallium scintigraphy. After the collection of clinical data for submission to regulatory authorities in the United States, additional studies were published that demonstrate the diagnostic usefulness of dipyridamole-thallium scintigraphy. 8, 9 This study focuses on the safety of dipyridamole-thallium scintigraphy with an analysis of the clinical safety data that were collected from investigators in the United States who had performed thallium myocardial imaging using intravenous dipyridamole.
Methods

Study Plan and Design
A total of 70 investigators who had received supplies of intravenous dipyridamole for thallium imaging studies were contacted to participate in this study. Of these, 64 investigators who had conducted intravenous dipyridamole-thallium imaging tests under their own Investigational New Drug applications between September 19, 1978, and August 1, 1985 , contributed patient data to the study. Although these individual studies differed in design and had different goals, safety information common to all of them was collected retrospectively on standardized forms. Specifically, all adverse events that occurred within 24 hours after the administration of intravenous dipyridamole were recorded; the use and the degree of effectiveness of parenteral aminophylline or nitroglycerin for the treatment of adverse events associated with intravenous dipyridamole were recorded (note that investigators did not always identify the specific adverse events requiring treat-ment with aminophyllirde); and pulse rate and blood pressure, both during and for up to 10 minutes after the infusion of dipyridamole, were recorded.
Two groups of patients were identified, and they were 1) those who had both intravenous dipyridamolethallium scintigraphy and coronary angiography performed within a 1-year period and had the two tests interpreted blindly, that is, without knowledge of the patient's medical history or the results of other tests, and 2) those who had intravenous dipyridamolethallium scintigraphy performed more than 1 year before or after coronary angiography or who had either test interpreted in an unblinded fashion.
Information concerning patient characteristics, intravenous dipyridamole dosage, and vital sign changes was collected for all patients in the former group but only for a subgroup of the patients in the latter group, specifically those who had an adverse event within 24 hours after the administration of intravenous dipyridamole. These data were not collected for all patients in this latter group because of time and resource constraints. The data for the former group provide some idea of the attributes of patients who are candidates for intravenous dipyridamole-thallium imaging and what happens to their vital signs when undergoing this procedure.
Informed consent from all patients and institutional review board approval were obtained by the individual investigators before initiation of clinical studies with intravenous dipyridamole.
Study Limitations
Although information was collected on the diagnostic usefulness (i.e., sensitivity and specificity) of dipyridamole-thallium scintigraphy as part of this study, this information is not presented here. The interpretation of the sensitivity-specificity data is complex because the data were collected retrospectively; there was no uniform protocol, no standard test procedures or equipment, and no uniform experience in conducting the test for all investigators (e.g., some investigators provided data from only one patient, whereas others provided data from more than 100 patients).
Additionally, demographic and baseline data were not collected on all patients who underwent intravenous dipyridamole-thallium imaging. Thus, estimation of mortality or morbidity rates for select subgroups of patients is not possible (e.g., the mortality rate in patients without a history of unstable angina).
Despite these problems in design, however, this study presents data for the largest collection of patients, to date, who have undergone dipyridamolethallium scintigraphy, which allows evaluation of the safety of the procedure.
Patient Characteristics and Intravenous Dipyridamole Dosage
Of the 3,911 patients in this study, 1,096 (28.0%) were patients who had intravenous dipyridamolethallium scintigraphy and coronary angiography performed within a 1-year period and whose tests were interpreted in a blinded fashion. Patient characteristics and dosage information were collected for all these 1,096 patients. Approximately two thirds of these 1,096 patients were male. The mean age of the patients was 57.7 years (SD, 10.4 years) , with a range of 26-88 years. Almost 88% of the patients had a history of chest pain before undergoing thallium imaging. Nineteen patients (1.7%) had a history of nonanginal pain, 420 (38.3%) had stable angina, 505 (46.1%) had a history of unstable angina (i.e., chest pain at rest or recent acceleration of chest pain), and 16 (1.5%) had a history of nonspecific chest pain. Approximately 42% of the patients had a history of myocardial infarction, 9.0% had previous coronary artery bypass graft surgery, and 3.0% had a previous coronary angioplasty. The two most frequently reported concurrent diseases other than CAD were hypertension and cardiovascular disease, which were reported in 45.0% and 29.0% of the patients, respectively. The most frequently reported concomitant medications included nitroglycerin (46.0%), isosorbide dinitrate (32.0%), propranolol hydrochloride (30.0%), and nifedipine (22.0%). The mean dosage of intravenous dipyridamole administered to these patients was 0.567 mg/kg (SD, 0.030 mg/kg), with a range of 0.14-0.79 mg/kg. Almost 93% of the patients were administered doses in the range of 0.55 to less than 0.65 mg/kg. The dipyridamole was always administered as a 4-minute infusion.
Results
Of the 3,911 patients in this study, a total of 10 patients (0.26%) had major adverse events and 1,820 (46.5%) had minor adverse events. Of the 10 patients with major adverse events, two patients had fatal myocardial infarctions (0.05%), two additional patients (0.05%) experienced nonfatal myocardial infarctions, and six patients (0.15%) experienced acute bronchospasm with wheezing. In each of these six patients, the bronchospasm was readily reversed with parenteral aminophylline. One of the patients who had a fatal myocardial infarction and both patients who experienced nonfatal infarctions had a history of unstable angina (chest pain at rest or recent acceleration of chest pain) before thallium imaging.
A complete listing of minor adverse events experienced by at least 1.0% of the patients in the study, in descending order of incidence, is contained in Table  1 . The most common adverse events included chest pain, headache, dizziness, and ST-T changes on the electrocardiogram. In the subgroup of 1,096 patients, there were 420 patients with a history of stable angina pectoris, 124 (29.5%) of whom had chest pain associated with the administration of intravenous dipyridamole. Of the 505 patients with a history of unstable angina, 124 (24.6%) developed chest pain after administration of intravenous dipyridamole.
In the subgroup of 1,096 patients, 1,008 patients (92.0%) had vital sign data measured in a nonstand- ing position at baseline and at least one subsequent time after the infusion of dipyridamole. The mean maximum percent changes in vital signs from baseline in patients who did not exercise after the infusion of dipyridamole consisted of a 4.7% decrease in systolic blood pressure, a 7.8% decrease in diastolic blood pressure, and a 22.1% increase in pulse rate. For patients who performed mild exercise (e.g., standing or walking, use of handgrip, or bicycle ergometry) after the infusion of dipyridamole, the mean maximum percent changes in vital signs from baseline consisted of a 6.6% increase in systolic blood pressure, a 3.0% increase in diastolic blood pressure, and a 27.0% increase in pulse rate.
Of the 454 patients who received parenteral aminophylline alone (i.e., without concomitant nitroglycerin) to treat adverse events because of intravenous dipyridamole, 439 patients (96.7%) experienced complete relief of symptoms. Symptoms most commonly reversed included chest pain, chest discomfort, chest pressure, or angina; headache; lightheadedness or dizziness; hypotension; and nausea. In the 15 patients who did not experience complete relief of symptoms, 11 had some relief of symptoms (e.g., decrease in chest pain but persistence of headache, nausea, or both) and four had no relief (e.g., persistence of headache, chest pain, or both) after administration of aminophylline. All the symptoms in these 15 patients, however, did eventually resolve. Sublingual nitroglycerin was used alone (i.e., without concomitant aminophylline) in 59 patients with adverse events because of intravenous dipyridamole, with 52 of these patients (88.1%) experiencing complete relief of symptoms.
The average dose of aminophylline that was administered to treat adverse events associated with intravenous dipyridamole was 137.4 mg (range, 10-600 mg). Discussion This study establishes the safety of intravenous dipyridamole-thallium imaging for the largest collection of patients available to date. It is important to emphasize that 46.5% of the patients within the study experienced a minor adverse event. Major adverse events (fatal and nonfatal myocardial infarction and acute bronchospasm) occurred in 0.26% of patients.
Mortality, in this study of patients suspected of having CAD, was 0.05%. The two deaths occurred as a result of myocardial infarctions, whereas two other patients sustained nonfatal myocardial infarctions. Three of these four patients had a history of unstable angina (i.e., history of chest pain at rest or recent acceleration of chest pain). As reported by other investigators,6'10 such patients might be at an increased risk for cardiac complications, similar to the above-average risk for such complications seen with exercise stress testing.'0 In a survey conducted on approximately 170,000 exercise stress tests, in which patients with unstable angina were specifically excluded, the crude mortality and morbidity were 0.01% and 0.02%, respectively."1 Although this crude mortality rate is less than the 0.05% rate found in the current study, the current study had many patients with a history of unstable angina. Nearly half (46.1%) of the group of 1,096 patients reported a history of unstable angina. The incidence of chest pain associated with the administration of intravenous dipyridamole in this subgroup of patients was approximately the same as in the subgroup of patients who reported stable angina pectoris (24.6% vs. 29.5%, respectively). Despite the apparent equal risk for chest pain in these two subgroups of patients, we strongly believe that a history of unstable angina might increase the risk of severe cardiac ischemic events. This conclusion is based on the fact that three of the four patients with severe ischemic events had a history of unstable angina. In patients with acutely unstable angina (i.e., continuing chest pain) or in the acute phase of myocardial infarction, it seems prudent to avoid the use of intravenous dipyridamole with thallium scintigraphy,12 and preferable to wait 2 or 3 days after symptoms have subsided.
The six cases of acute bronchospasm with wheezing might be related to the effect of dipyridamole in inhibiting adenosine uptake, resulting in acute elevation of adenosine blood levels.13 Elevated adenosine levels can lead to bronchospasm in patients with a history of asthma because inhaled adenosine has been shown to precipitate bronchospasm in some asthmatic patients but not in patients without such a history.14 Four of the six patients in this study who developed bronchospasm had either a history of asthma or evidence of wheezing on physical examination before administration of dipyridamole. Wheezing is believed to be evidence of reversible airway disease. All episodes of bronchospasm were rapidly reversed after administration of intravenous aminophylline.
In nearly all patients who were administered parenteral aminophylline to treat adverse events associated with administration of intravenous dipyridamole, use of parenteral aminophylline proved very effective in relieving symptoms. This is in agreement with findings of previous investigations. [2] [3] [4] 6 The study strongly supports the recommendation that parenteral aminophylline be readily available when intravenous dipyridamole-thallium scintigraphy is performed.
Intravenous dipyridamole-thallium scintigraphy has been shown to be a relatively safe, noninvasive method for the evaluation of CAD. Only appropriately trained physicians who are able to perform advanced life support for any complications that might occur, however, should conduct the test. Potential advantages for intravenous dipyridamole-thallium imaging as compared with exercise thallium imaging include the following: less time and equipment necessary to conduct the intravenous dipyridamole thallium test, availability of aminophylline to promptly treat adverse events associated with intravenous dipyridamole, and satisfactory performance of testing without need to have the patient perform exercise.
